Interleukin-21 (IL-21) is a cytokine that plays a crucial role in pathogenesis and activity of the rheumatoid arthritis (RA). Meanwhile, genetic polymorphisms in the IL-21 gene may alter its expression. Previous studies have reported conflicting results assessing the association between the IL-21 rs6822844 G/T polymorphism and RA risk. Thus, it's necessary to perform a meta-analysis to definite above relationship. PubMed database was searched for all papers published until October 20, 2019. Nine case-control studies with 9998 cases and 10742 controls were retrieved based on the search criteria at last. Odds ratio (95% confidence interval) was used to calculate the strength of this association. Publication bias was detected using both Begg's and Egger's tests. Overall, the IL-21 rs6822844 G/T polymorphism was found to be significantly associated with decreased RA risk (e.g. T-allele versus G-allele: OR = 0.81, 95% CI = 0.72-0.91, P < 0.001). In addition, decreased RA risk was also detected both in Asians (eg: TT+TG versus GG: OR = 0.42, 95% CI = 0.31-0.56, P < 0.001) and Caucasians (eg: TT+TG versus GG: OR = 0.85, 95% CI = 0.80-0.91, P < 0.001). A similar trend in association was found in the source of the control and genotype method subgroups. Furthermore, subgroup analysis of rheumatoid factor status revealed a protective relationship between the IL-21 rs6822844 G/T polymorphism and RF+/RF-RA risk. A similar relationship was noted in the anti-citrullinated protein antibody status subgroup. The results of the present study suggest that the IL-21 rs6822844 G/T polymorphism was significantly associated with decreased RA susceptibility.
Introduction
Rheumatoid arthritis (RA) is a relatively common chronic multifactorial autoimmune disorders characterized by progressive damage to joint and tendons, and complications in some case may lead to premature mortality [1] . The etiology of RA remains complex and unknown, but both genetic background and environmental risk factors play a great role in RA risk [2] [3] [4] [5] [6] . The genetic contribution to RA is estimated to be between 50% and 60%, and therefore identification of susceptibility genes is important for understanding the biological mechanisms of RA pathogenesis, etiology, prognosis and outcomes [7, 8] .
Genome wide association studies (GWAS) involving approximately 2000 patients and 3000 controls revealed that the polymorphism rs6822844 G/T of the interleukin-21 (IL-21) gene has been defined as a candidate genetic marker with RA risk [9] . The IL-21 gene, also known as Za11 or CVID11, is located on human chromosome 4q27, and encodes a member of the common-γ chain family of cytokines with immunoregulatory activity [10] . The protein encoded by IL-21 is known to be involved in both innate and adaptive immune responses by inducing the differentiation, proliferation and activity of multiple target cells, including macrophages, natural killer cells, B cells and cytotoxic T cells [11] [12] [13] [14] . Dysregulation of this gene may result in multiple immune-mediated diseases including RA, systemic lupus erythematosus, psoriasis and chronic inflammatory diseases [15] [16] [17] . The rs6822844 polymorphism locates in the flanking 3 -untranslated region of IL-21 [18] , and may regulate the transcription and expression of the IL-21 gene, which may influence the occurrence and progress of RA. Although numbers of studies have evaluated the association between rs6822844 and RA susceptibility, reported results remain inconsistent [9, [19] [20] [21] [22] [23] [24] [25] [26] . At the same time, considering the importance of rs6822844 G/T polymorphism in pathogenesis of RA, it is necessary and urgent to perform a comprehensive meta-analysis of all case-control studies that included both each genotype and eligible factors such as rheumatoid factor (RF) and anti-citrullinated protein antibody (ACPA) status and levels.
Materials and methods

Identification of eligible studies
Searches for published data up to October 20, 2019 were conducted on the PubMed (http://www.ncbi.nlm.nih.gov/ pubmed) database, without any restriction on language or publication year. The following keywords were used: 'IL-21 or interleukin-21' , 'polymorphism or variant' , 'rheumatoid arthritis or RA' , without any restriction on language or publication year. Using above information, a total of 23 articles were identified. In addition, we also screened references cited in the retrieved articles and other review articles by hand. Studies were selected based on the following inclusion criteria: (1) the study investigated the association between RA and IL-21 rs6822844 G/T polymorphism; (2) the study was of a case-control design; (3) sufficient genotype numbers (GG, GT and TT) of cases and controls; (4) RF and/or ACPA information was available.
Data extraction
The following information was collected from eligible publications: the last name of first author, year of publication, country of origin, each genotype number in the case and control group, source of control group, Hardy-Weinberg 
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Quality assessment and Newcastle-Ottawa Scale
The quality of the included studies was evaluated by the following five aspects: source of cases, source of controls, specimens used for determining genotypes, total sample size and HWE in controls. The quality scores ranged from 0 to 15, higher scores indicating better quality. Reports scoring <10 were classified as 'low quality' and those ≥10 as 'high quality' [27] . Besides, the Newcastle-Ottawa Scale (NOS) was also used to assess the quality of each study. This measure assesses observational studies on measures of study quality, such as the selection of cases, comparability of populations and ascertainment of exposure to risks. The NOS ranges from 0 (worst) to 9 stars (best) [28] . Studies with a score of ≥7 stars were considered as high-quality.
Statistical analysis
Odds ratio (OR) with 95% confidence interval (CI) were used to measure the strength of the association between IL-21 rs6822844 G/T polymorphism and RA. The status of RF and ACPA was classified into four categories namely, RF-positive (+) RA, RF-negative (-) RA, ACPA (+) RA and ACPA (-) RA. The statistical significance of the summary OR was determined by using the Z-test. A P value greater than 0.10 for the Q-test indicated a lack of heterogeneity among the studies. In cases where significant heterogeneity was detected, the random effects model was used, otherwise the fixed effects model was used [29, 30] . We investigated the association between IL-21 variant and RA risk: the allelic contrast (T-allele versus G-allele), homozygote comparison (TT versus GG), dominant genetic model (TT+TG versus GG), heterozygote comparison (TG versus GG) and recessive genetic model (TT versus TG+GG). Funnel plot asymmetry was assessed using Begg's test and publication bias was assessed using Egger's test. In both tests P < 0.05 was considered statistically significant [31] . HWE was evaluated using Pearson's chi-square (χ 2 ) test, where P < 0.05 was considered significant [32] . All statistical tests used in the present study were performed using Stata (version 11.0; StataCorp LP, College Station, TX). The power and sample size analysis of our meta-analysis was calculated by a program called PS: Power and Sample Size Calculation (http://biostat.mc.vanderbilt.edu/wiki/Main/PowerSampleSize#Windows) [33] .
Results
Characteristics of selected studies
A total of 23 published articles were retrieved from the PubMed database in accordance with our selection criteria. Among those, 11 articles were excluded for the following reasons: four articles were unrelated; five articles were excluded because they investigated diseases other than RA; one examined the IL-23R rs11209026 polymorphism, and one did not have complete genotype's information, three articles were classified to meta-analysis. Following the above screening, the remaining nine articles, comprising a total of 9998 cases and 10,742 controls, were selected for the meta-analysis (Table 1 and Figure 1 ) [9, [19] [20] [21] [22] [23] [24] [25] [26] . Seven studies evaluated Caucasian subjects and the remaining two investigated Asian subjects. In addition, two of the studies included information about RF and ACPA status [20, 22] . All of the patients studied here were diagnosed according to the American College of Rheumatology's revised criteria [34] . The controls were unrelated, healthy individuals, who were age and ethnically matched. Polymorphisms were genotyped using TaqMan genotyping assays. Characteristics of IL-21 rs6822844 G/T polymorphism studies are summarized in Tables 1 and 2 . The genotype frequencies in the controls were in Hardy-Weinberg equilibrium, except in one study [20] . Finally, we confirmed that our analysis is of adequate statistical power (0.998). Finally, we checked the Minor Allele Frequency (MAF) reported for the five main worldwide populations in the 1000 Genomes Abbreviations: HB, hospital-based; HWE, Hardy-Weinberg equilibrium of control group; MALDI-TOF MS, polymerase chain reaction-matrix-assisted laser desorption/ionization time-of-flight mass spectrometry; NOS, Newcastle-Ottawa Scale; PB, population-based; SOC, source of control. Abbreviations: ACPA, anti-citrullinated protein antibody; RF, rheumatoid factor.
Browser (https://www.ncbi.nlm.nih.gov/snp/rs6822844#frequency tab): East Asian (EAS), 0.001; European (EUR), 0.1531; African (AFR), 0.0113; American (AMR), 0.0605; and South Asian (SAS), 0.0685 ( Figure 2 ). The MAF in our analysis was 0.1542 and 0.1790 in the case and control groups, respectively, both higher than the results from1000 Genomes Browser database. 
Pooled analyses
Overall, a significant protective association was observed between the variant genotypes of IL-21 rs6822844 G/T and RA risk in all different genetic models. In the allelic contrast model [OR = 0.81, 95% CI = 0.72-0,91, P value of heterogeneity test (P h ) < 0.001, P value of z-test <0.001] and complete dominant model [OR = 0.78, 95% CI = 0.68-0.89, P value of heterogeneity test (P h ) < 0.001, P value of z-test < 0.001] (Figure 3) , and the dominant model [OR = 0.96, 95% CI = 0.95-0.97, P h = 0.123] ( Table 3 ). In the stratified analysis by ethnicity, a decreased association was observed both in Asian [e.g. TG versus GG: OR = 0.38, 95% CI = 0.28-0.53, P value of heterogeneity test (P h ) = 0.231, P value of z-test <0.001] and Caucasian populations [TG versus GG: OR = 0.86, 95% CI = 0.80-0.92, P value of heterogeneity test (P h ) = 0.331, P value of z-test <0.001] (Figure 4) (Table 3 ).
In addition, in the stratified analysis by the source of the control, similar results were detected in both HB [TT+TG versus GG: OR = 0.77, 95% CI = 0.63-0.95, P value of heterogeneity test (P h ) = 0.073, P value of z-test = 0.017] and PB [TT+TG versus GG: OR = 0.77, 95% CI = 0.63-0.95, P value of heterogeneity test (P h ) < 0.001, P value of z-test = 0.014] ( Figure 5) (Table 3) .
Several different methods were applied in the included studies. We therefore analyzed whether association was existed in variant methods, significant association was observed using TaqMan [TT versus GG: OR = 0.76, 95% CI = 0.61-0.95, P value of heterogeneity test (P h ) = 0.164, P value of z-test = 0.014] ( Figure 6) (Table 3) Finally, in the stratified analysis by RF status, pooled associations were found among RF − RA risk and IL-21 rs6822844 G/T polymorphism [OR = 0.52, 95% CI = 0.32-0.84, P h = 0.466, P = 0.008 for TT versus GG, and The squares and horizontal lines correspond to the study-specific OR and 95% CI. The area of the squares reflects the weight (inverse of the variance). The diamond represents the summary OR and 95% CI. OR = 0.49, 95% CI = 0.31-0.80, P h = 0.651, P = 0.004 for TT versus GG, Figure 7 ]. Similarly, significant associations were also detected in several models in ACPA+ status [OR = 0.52, 95% CI = 0.34-0.78, P h = 0.454, P = 0.002 for recessive model, Figure 7 ] (Table 3) .
Publication bias and sensitivity analysis
Begg's and Egger's tests were performed to assess publication bias. As shown in Table 4 , neither of the tests provided any evidence of publication bias (T-allele versus G-allele: t = −1.47, P = 0.186 for Egger's test; and z = 1.15, P = 0.251 for Begg's test, Figures 8 and 9 ). Sensitivity analysis was performed to assess whether individual studies influenced the pooled ORs by sequential removal of individual studies. The results suggested that no single study significantly affected the overall OR ( Figure 10 ).
Discussion
To our knowledge, RA is a systemic, inflammatory autoimmune disorder with numerous symptoms caused by an intricate chain of physiological events [35] . Tumor necrosis factor α and interleukin family (such as interleukin 1β, interleukin 17 and interleukin 21) are some of the key mediators of RA pathogenesis [36] . In recent years, IL-21 has been found to be a key player in RA pathogenesis and progression [37] [38] [39] . In RA pathogenesis, IL-21 receptor (IL-21R) is highly expressed in CD4+ T cell subsets, macrophages, dendritic cells and synovial fibroblasts [40] . These immune cell subtypes recognize the IL-21 in the microenvironment and carry out several intricate chains of events [41] . IL-21 has been implicated to be an important target in RA therapy, and several studies have substantiated its role through activation of signaling pathways and in promoting inflammatory condition [42, 43] . The Wellcome Trust Case Control Consortium (WTCCC) first designed and analyzed GWAS studies, comprising 2000 cases and 3000 shared controls, and found a significant association between a common haplotype located in the 3 -untranslated region of IL-21 and susceptibility to RA [9] . Following this, several studies re-analyzed this association using a greater number of samples to increase statistical power, in addition to including other predictors, such as RF and ACPA status and levels. However, results have been controversial. Zhernakova et al. [26] detected a decrease in frequency of the rs6822844 T-allele in RA (14.1%), and demonstrated significant association between this polymorphism and RA susceptibility (OR = 0.72, 95% CI = 0.61-0.86, P < 0.001). Moreover, Louahchi et al. [22] showed a protective effect of the minor T-allele (OR = 0.39, 95% CI = 0.26-0.57), whereas the major G-allele appeared to be a risk susceptibility (OR = 2.57, 95% CI = 1.74-3.83, P < 0.001). Nevertheless, Malinowski et al. [24] examined 422 RA cases and 338 controls, and found that IL-21 rs6822844 was not risk loci for RA susceptibility.
To our knowledge, the present study was combined to investigate whether there has an association between IL-21 rs6822844 polymorphism and RA risk. We performed a meta-analysis involving 9998 RA cases and 10742 controls. The main finding of our study was that rs6822844 T-allele was a protective factor for individuals carrying this allele, in other words, the rs6822844 polymorphism in Asian and Caucasian populations may decrease RA susceptibility in these ethnic groups. If an individual carries the IL-21 rs6822844 T-allele, he/she may have a lower risk to become RA patient than G-allele, in contrast, G-allele carries may have a higher risk to become RA. Through detected this polymorphism, we may know the susceptibility of RA for one person in advance, which may be helpful or make sense in the future. Our results suggest that the rs6822844 polymorphism influenced not only the RF status, but also the presence of ACPA. Determination of any genetic differences between RF and ACPA status in RA patients may shed light on their roles in RA pathogenesis. Such data may be useful in the clinical diagnosis and prevention of RA, as well as for identifying therapeutic targets in the treatment of RA patients. Recently, Mohammadi et al. also made Bayesian meta-analysis about polymorphisms of inflammatory cytokines and RA risk; however, positive results were found about genetic polymorphisms of IL23R gene, but not IL-21 and IL17A genes. Moreover, RF and ACPA status were not involved [44] , which were the different and innovate about present study.
Although the results reported here were statistically significant, there are some limitations in our study should be mentioned. First, the number of publications included remains insufficient for a comprehensive analysis. Second, gene-gene and gene-environment interactions were not taken into consideration here. In addition, other covariates including age, sex, family history, environmental factors, disease stage and lifestyle also should be included. Third, the distribution of the ethnicity and source of control categories was not balanced, especially in Asian populations and HB. Fourth, the number of studies reporting RF and ACPA status was not very large. Fifth, following items: the correlation of IL-21 rs6822844 polymorphism with the stages of arthritis; the protein expression level of IL-21 in different polymorphisms should also be added and be re-analyzed by meta in the future research. Sixth, IL-12 gene contains many SNPs, in our included nine studies, three studies contained two or more SNPs, for example Malinowski et al., (2016) contained rs6822844, rs2221903, rs6840978 and rs2285452; Teixeira et al., (2009) contained not only rs6822844, but also rs4505848, rs11732095, rs4492018, and rs1398553; Hollis-Moffatt et al., (2010) contained only rs6822844 and rs907715. Thus, we can't analyze the existed interaction between the SNPs in the same IL-21 gene. Despite these limitations, some advantages should also be mentioned. First, all selected studies were published after 2008, which may be indicative of the increasing attention that this topic has garnered in recent years. Second, the coverage of RA features in this meta-analysis was more extensive. Third, our study combined the highest number of individuals so far, the power of our meta-analysis was greater than 0.95, which suggested that the data were trustworthy.
In summary, our study presented evidence that IL-21 rs6822844 polymorphism was associated with significantly decreased RA risk and that the RF autoantibody may be considered as a biomarker for the detection of RA susceptibility.
